A new solid phase microextraction (SPME)-Arrow method was evaluated for the analysis of volatile compounds in kanari-aekjeot, a Korean traditional salt-fermented sand lance sauce, and compared it to the standard headspace-SPME method. Factors observed to affect the extraction, including the fiber used, extraction temperature, extraction time, and NaCl concentration were carefully optimized. The Carboxen/Polydimethylsiloxane fiber exhibited the highest extraction efficiency for both analytical methods and was selected for further optimization of the extraction. The major volatile compounds extracted using both methods were 3-methyl butanoic acid, butanoic acid, acetic acid, 2,6-dimethylpyrazine, and benzaldehyde. The relative concentration (mg/L) of 3-methyl butanoic acid was 1.4-fold higher when using SPME. However, the SPME-Arrow method was more effective at extracting aromatic compounds including alcohol, aldehydes, and pyrazine. In particular, 3-methyl-1-butanol, 2-furanmethanol, and phenylethyl alcohol could only be detected using SPME-Arrow due to its larger sorbent volume. Thus, SPME-Arrow was evaluated as being more suitable for the extraction of pyrazines in sand lance fish sauce and might be useful for determining a broader range of volatile compounds in complex fermented foods.
Introduction
Fish sauce is widely consumed in Southeast Asian nations and is also a traditional Korean fermented product. It is manufactured using various salt-fermented fish species including anchovy, sand lance, sardine, hairtail, tuna, and shrimp [1] . The fish sauce is produced from a mixture of fish and salt (4:1) and is fermented for an extended period of 6 months to one year at 30-35 °C. The resulting product has a distinctive odor and flavor, which develops progressively as the fermentation progresses.
Sand lance (Ammodytes personatus) sauce, called kanari-aekjeot has seen increasing demand in Korea recently, and is one of the most popular fish sauces used to ferment other foods such as kimchi due to its preferable taste and flavor compared to anchovy sauce [2] . The unique taste and aroma of sand lance sauce is largely due to the abundant amino acids present in the fish protein during fermentation [3] . The odor has been described as a blend of ammoniacal, cheesy, and meaty notes [4, 5] . Several studies have been conducted on the flavors and volatile compounds present in fish sauces [6] [7] [8] [9] . However, little information exists in relation to the aromatic volatile compounds in sand lance sauce.
Over the past year, various headspace techniques have been used for the determination of volatile compounds in food products, such as dynamic headspace (DHS), solid Open Access *Correspondence: hwjkfri@kfri.re.kr † Nho-Eul Song and Jun-Young Lee as first authors have contributed equally to this study Food Analysis Center, Korea Food Research Institute, Wanju-gun, Jeonbuk 55365, Republic of Korea phase microextraction (SPME), stir-bar sorptive extraction (SBSE) and gas chromatography (GC) coupled with various detectors [7, 9] . Such headspace extraction methods have many advantages, including solvent-free sample preparation, a short extraction time, the small amount of sample required, and lower labor requirements compared to liquid-liquid extraction. SPME is the most widely used headspace analysis for the extraction of volatiles because it offers a fully automated approach at a lower cost than other headspace techniques such as DHS and SBSE. In recent years, a new prototype SPME-Arrow approach combining the advantages of SPME and SBSE approaches has been developed. This new method uses a larger amount of sorbent material to improve detection limits in SPME, which is less fragile than the traditional SPME fibers [10] . The SPME-Arrow technique has been applied to waste and drinking water [11] and atmospheric air samples since it was introduced [12] . To our knowledge, SPME-Arrow has not previously been used for aromatic characterization of food materials.
The identification of volatile compounds is still incomplete and the possible factors responsible for the characteristic odor of fish sauce have not been fully established. The aim of this study was to optimize the analytical conditions for both SPME and SPME-Arrow and compare their suitability in identifying volatile compounds in sand lance fish sauce.
Materials and methods

Materials and reagents
Four SPME fibers, Polydimethylsiloxane (PDMS)/ divinylbenzene (DVB) (65 µm × 10 mm, 0.6 µL), PDMS (100 µm × 10 mm, 0.6 µL), DVB/CAR/PDMS (50/30 µm × 10 mm, 0.6 µL), and Carboxen/Polydimethylsiloxane (CAR/PDMS) (75 µm × 10 mm, 0.6 µL) were purchased from Supelco (Bellefonte, PA, USA). Five SPME-Arrow fibers PDMS (100 µm × 20 mm) and PA (100 µm × 20 mm), DVB/PDMS (120 µm × 20 mm) and CAR/PDMS (120 µm × 20 mm), and PDMS (250 µm × 20 mm) for SPME-Arrow analysis were all purchased from CTC Analytics AG (Zwingen, Switzerland). The 20 mL screw cap vial for SPME-Arrow and screw cap including silicone septa for SPME-GC-MS were purchased from Supelco. The internal standard consisting of 4-methyl-2-pentanol and sodium chloride were supplied by Sigma-Aldrich (St. Louis, MO, USA). All of the reagents used were analytical grade.
Sample preparation
Sand lance fish sauce (CJ Cheiljedang Co. Ltd., Korea, Anseong-si) was purchased from a general market and stored at 4 °C before analysis. First, 1 mL of sample was transferred into 20 mL screw cap vial. Before extracting the sample, 20 µL of the internal standard stock solution 4-methyl-2-pentanol (100 ppm (v/v) in water) was added. The screw cap was then sealed and the vials were placed in a Triplus RSH autosampler tray for GC-MS analysis.
Experimental design for the establishment of optimal conditions
Different sorbents for SPME (100 µm PDMS, 65 µm DVB/PDMS, 75 µm CAR/PDMS, 50/30 µm DVB/CAR/ PDMS) and SPME-Arrow (100 µm PDMS, 250 µm PDMS, 100 µm PA, 120 µm CAR/PDMS, 120 µm DVB/ PDMS) were used to identify the most effective fiber for further analysis. Based on the chromatographic peak areas, extraction time (10, 30, and 60 min), temperature (40, 50, and 60 °C) and salt addition (0, 4, and 8%, w/v) were optimized to optimize the extraction conditions.
Gas chromatography-mass spectrometry
The SPME-GC-MS and SPME-Arrow-GC-MS analyses were performed using a Triplus RSH Autosampler coupled with a TRACE 1310 GC system, and ISQ LT single quadrupole mass detector instrument from Thermo Scientific (West Palm Beach, FL, USA). The analytes were incubated for 5 min. The injector temperature was set at 250 °C and desorption was processed in split mode (5:1) for 2 min. Separation was performed on a DB-WAX column (60 m × 0.25 mm i.d. × 0.25 µm) with helium as a carrier gas at a flow rate of 1.0 mL/min. The initial oven temperature of 50 °C was held for 2 min, and raised to 210 °C at a rate of 2.5 °C/min and held for 2 min. The MS transfer line, source, and quadrupole temperatures were 280, 230, and 150 °C, respectively. The analysis was performed in full scan mode (mass range: 50-450 m/z) and the electron ionization mass spectrometer was operated at 70 eV in the range of 40-400 amu. All data were analyzed with Xcalibur. The volatile compounds were identified on the basis of a mass spectra library (Wiley/NIST 2008) using Kovats retention index (KI) based on the retention time of standard n-alkanes. KI for the unknown compounds was calculated using the following equation [13] :
where: I = Kováts index of compound A, n = number of carbon atoms in the smaller n-alkane eluting before compound A, N = number of carbon atoms in the larger n-alkane eluting after compound A, T r(A) = retention time of compound A, T r(n) = retention time of the smaller n-alkane eluting before compound A, T r(N) = retention time of the larger n-alkane eluting after compound A.
Quantitative analysis was expressed as a relative ratio of the area of the volatile compound in the sample with the highest volatile compounds area of the sample.
Blank samples with an empty screw vial were run before and after each sample to remove any possible contaminants.
Statistical analysis
All experiments were performed at least in triplicate and the results of the analyses are expressed as mean values ± standard deviation (SD). Statistical analyses were processed with SPSS Statistics 23 (IBM, Armonk, N.Y., USA) and calculations were carried out using Sigmaplot 12.0 (Systat Software, San Jose, CA, USA). Significant differences between groups were assessed using ANOVA and Duncan's multiple range test.
Results and discussion
Optimization of extraction parameters: effect of different fibers
To establish optimal conditions for the analysis of volatile compounds in the fish sauce, factors affecting extraction efficiency including the fiber used, extraction temperature, extraction time, and salt concentration were analyzed. The extraction efficiency and identification of major compounds depending on the different sorbents used for SPME and SPME-Arrow analysis were compared based on percentages of the normalized peak area. The SPME and SPME-Arrow methods feature a Normalized peak area(%) = peak area of sample the highest peak area of sample × 100 difference in fiber thickness, and this has an influence on extraction efficiency for the flavor compounds. To select the most appropriate coating for HS-SPME, four commercial SPME fibers were evaluated, including 100 μm PDMS, 65 μm PDMS/DVB, 75 μm CAR/PDMS fibers and 50/30 μm DVB/CAR/PDMS. As shown in Fig. 1a , significantly higher concentrations of the major volatile compounds including 3-methyl butanoic acid, butanoic acid, 2-methyl-propanoic acid, propanoic acid, acetic acid and 1-penten-3-ol were extracted using the 75 μm CAR/PDMS fiber (p < 0.05). Generally, DVB/CAR/PDMS fiber enables the detection of a wide range of volatile and semi-volatile compounds [14] . However, in this study, 50/30 µm DVB/CAR/PDMS extracted a much lower normalized peak area (%) than that extracted with 75 µm CAR/PDMS. CAR/PDMS is a porous coating material that allows for absorption with high selectivity and sensitivity for semi-polar compounds and is thus well suited to the extraction of relatively small molecules [15, 16] . Based on the results, 75 µm CAR/PDMS was selected as the most suitable fiber for HS-SPME flavor compound analysis and was used for all further experiments. Different sorbents for SPME-Arrow were compared during the extraction of seven major volatile compounds (Fig. 1b) . The normalized peak areas (%) differed depending on each of the four sorbents used: PDMS, PA, CAR/ PDMS and DVB/PDMS. The 120 μm CAR/PDMS fibers extracted the highest concentrations of compounds, followed by the 250 μm PDMS and 100 μm PA fiber. The CAR/PDMS-coated fiber has micropores that are more effective at trapping low-molecular weight compounds [11] . On the other hand, PDMS and PA have limited affinity for highly volatile and highly polar compounds [17] . Compared to the 100 μm and 250 μm PDMS fibers, Fig. 1 Comparison of different a SPME and b SPME-Arrow fibers for the extraction of volatile compounds in sand lance fish sauce (p < 0.05) the larger sorbent volume in SPME-Arrow resulted in significantly higher extraction efficiency for the seven volatile compounds (4-methyl-pentanoic acid, 3-methyl butanoic acid, 2-furanmethanol, butanoic acid, 2-methyl propanoic acid, acetic acid and propanoic acid), with the exception of ethanol and 2-butanone. Among the extracted volatile compounds, ethanol and propanoic acid were most effectively extracted using PA fiber, while butanoic acid and 2-furamethanol were more effectively extracted with the CAR/PDMS fiber. Various volatile compound patterns were observed due to the different polarities of the coatings [18] . The CAR/PDMS fiber was more effective in extracting volatile compounds using the HS-SPME method. Both CAR/PDMS and PDMS fiber were effective at extracting highly volatile compounds with the SPME-Arrow method. Thus, the CAR/PDMS fiber was selected for further optimization of the extraction process.
Extraction time and temperature
The duration of extraction time and temperature is known to affect extraction efficiency, and extended durations may impact the sensitivity depending on the compound's absorptive affinity with the fiber. In this study, the extraction was carried out from at least 10 min to 2 h 30 min using the CAR/PDMS fiber. When volatile compounds were extracted using HS-SPME-GC/MS (Fig. 2a) , the maximum normalized peak area (%) of 3-methyl butanoic acid and 2-methyl propanoic acid were observed at 1 h 30 min. The extraction of 1-penten-3-ol was not significantly different when durations of 30 and 90 min were compared. In particular, low-molecular mass 2-propanone and propanoic acid reached maximum extraction efficiency at 30 min and 120 min, respectively. The optimal extraction time for each major compound varied depending on the compound's competitive absorption on the fiber. Considering the higher extraction time of most compounds, 1 h 30 min was selected as a reasonable duration for the HS-SPME-GC/MS method. On the other hand, all major compounds reached equilibrium at 30 min and began to decrease at 60 min in the SPME-Arrow method (Fig. 2b) , suggesting that 30 min of extraction time was selected for the SPME-Arrow method. The SPME-Arrow method was more rapid and effective at extracting the major volatile compounds than the SPME method.
The effect of extraction temperature was investigated at 40, 50, 60, and 70 °C. Higher temperatures promote extraction efficiency but also induce desorption of the components from the fibers [17] . For this reason, most compounds were extracted at 50 °C with the SPME-GC/MS method (Fig. 3a) . On the other hand, an increase in temperature (60 °C) was effective with the SPME-Arrow method for ethanol and volatiles with lower boiling points such as 2,6-dimethylpyrazine, but did not show a significant difference at 40-50 °C for other compounds (Fig. 3b) . The duration and temperature for successful absorption of all major compounds from the selected fiber were set at 1 h 30 min at 50 °C for SPME-GC/MS and 30 min at 60 °C for the SPMEArrow-GC/MS method.
Salt effect
The addition of salt improves sample extraction efficiency due to its salting-out effect which reduces the solubility of hydrophobic compounds and retains ionic strength [17] . As expected, the alcohols and acids extracted using Fig. 2 Effect of extraction time using different a SPME and b SPME-Arrow methods for the extraction of volatile compounds in fish sauce (p < 0.05) the SPME-Arrow method increased with increasing salt concentration until a concentration of 8% (Fig. 4b) . Of particular note, ethanol was extracted considerably well. However, the results revealed that the extraction of volatile compounds using the SPME method was significantly reduced by adding NaCl (Fig. 4a) . The 4-8% NaCl concentration range reduces the sensitivity of all volatile compounds, although no significant changes in absorption were observed for 2,6-dimethylpyrazine by altering salt concentration.
Comparison of volatile compounds in fish sauce analyzed by SPME and SPME-Arrow
The detection of volatile compounds using different extraction methods were directly compared ( Table 1) .
The SPME method primarily extracted acetic acid and ethanol, whereas the SPME-Arrow-GC/MS method was effective for the detection of broader types of alcohol and acid compounds using the CAR/PDMS coated fiber (Fig. 5) . A total of 22 volatiles were identified in sand lance fish sauce including 5 alcohols, 1 ketone, 3 aldehydes, 7 acids, and 6 pyrazines. Of these, 3-methyl butanoic acid, butanoic acid, acetic acid, and benzaldehyde were the most abundant acids and aldehydes extracted with both SPME and SPME-Arrow methods, whereas the relative concentrations varied between the extraction methods. 3-methyl butanoic acid, butanoic acid, and acetic acid (which are associated with cheesy, sweaty and sour odors) were the most abundant volatile compounds contributing to more than 56% and 70% of the total Fig. 3 Effect of extraction temperature using a SPME and b SPME-Arrow methods for the extraction of volatile compounds in fish sauce (p < 0.05) Fig. 4 Effect of salt addition using a SPME and b SPME-Arrow methods for the extraction of volatile compounds in fish sauce (p < 0.05) volatile content extracted by SPME-Arrow and SPME, respectively, in agreement with the previous results [19] . There have been very few studies conducted to date focusing on volatile compounds in sand lance fish sauce. According to previous studies, trimethylamine, benzaldehyde, and C 4 -C 7 carbon chain acids are the most important contributors to the aroma of fish sauce. Yimdee and Wang [20] reported that isobutyronitrile, tetrahydro-3-methylfuran, 2-methylbutanenitrile, 3-(methylthio)-propanenitrile, and benzylnitrile were major aromatic active compounds present in sand lance fish sauce. Propanoic acid, butanoic acid, 3-methylbutanal, and 2-methylbutanal are also common aromatic compounds present in Chinese, Thailand, and Malaysian fish sauces [21] [22] [23] . The relative concentrations of benzaldehyde and acetic acid extracted from the fish sauce was twofold higher with SPME-Arrow, but the other aldehydes and acids were at similar or lower concentrations when the samples were extracted with SPME fiber. Benzaldehyde is considered to enhance flavor quality and produces sweet, fruity, nutty, and caramel-like odors [24] .
All components, including the 3 aldehydes, 4 alcohols and 6 pyrazines, with the exception of 1-pentenol, were more effectively detected using the SPME-Arrow method. Alcohols and higher alcohols are important immediate precursors of the flavor-active esters and were the second largest chemical group represented. In particular, 3-methyl-1-butanol, 2-furanmethanol and phenylethyl alcohol were only detected when SPME-Arrow was used for extraction, at 0.122 mg/L, 0.884 mg/L and 1.288 mg/L, respectively. Unlike the competitive adsorption feature of SPME fiber, Table 1 Comparison of SPME and SPME-Arrow extraction efficiencies of volatile compounds in fish sauce RT retention time, RI retention index-used for identification by GC-MS (DB-WAX column), Relative concentrations of volatile compounds are expressed as equivalents of the internal standard (2 mg/L of 4-methyl-2-pentanol) for SPME-Arrow and SPME-GC/MS, nd not detected Data represent mean ± SD (n = 3). Different letters (a and b) represent significant differences (P < 0.05) using ANOVA and Duncan's multiple range test. 
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